Summary. The changes with time in intrauterine tissue production and concentrations of PGE-2, PGF-2\g=a\, 6-keto PGF-1\g=a\and PGFM (13, 
Introduction
Several studies have shown clearly that prostaglandins (PG) increase in ovine maternal and fetal plasma and amniotic fluid during normal parturition (Currie, Wong, Cox & Thorburn, 1973 ;  Flint. Anderson, Patten & Turnbull, 1974; Challis, Dilley, Robinson & Thorburn, 1976; Mitchell, Ellwood, Anderson & Turnbull, 1978; Rawlings & Ward, 1978) dexamethasone-induced pre-term labour and parturition (Liggins & Grieves, 1971; Thorburn, Nicol, Bassett, Shutt & Cox, 1972; Currie et ai, 1973; Mitchell, Flint & Turnbull, 1976; Kendalls al., 1977; Mitchell et al., 1978) . Prostaglandin F-2a is known to stimulate myometrial contractile activity in sheep and promote pre-term labour (Liggins, Fairclough, Grieves, Kendall & Knox, 1973; Mitchell et ai, 1977a) , while suppression of PG biosynthesis delays the onset of dexamethasone-or ACTH-induced pre-term delivery (Mitchell & Flint, 1978a;  Evans, Kennedy, Patrick & Challis, 1982b) .
Although it is apparent that PGs play a regulatory role in parturition in sheep, the temporal relationships between PG production, reflected by concentrations in amniotic fluid, maternal or fetal plasma, and the evolution of uterine contractile activity have not been clearly established. Flint et al. (1974) have indicated that maternal utero-ovarian or vena cavai plasma PGF levels increased before the onset of labour, but in other studies in which such correlations have been attempted the results have been contradictory or equivocal (Liggins & Grieves, 1971 ; Currie et ai, 1973; Rawlings & Ward, 1978) . However, in none of these studies were the relative patterns of PGI-2 concentrations (as measured by 6-keto PGF-la), which has been shown to inhibit ovine myometrial activity (Lye & Challis, 1982) , in the maternal and fetal plasma and amniotic fluid compared to the concentrations of the stimulatory PGs.
When ACTH, _ 24 is administered as pulses to fetal sheep in an attempt to simulate the probable secretion pattern from the pituitary of the fetal lamb (Iones, 1979) , labour-like uterine contractions of greater than 10 mmHg intrauterine pressure are consistently produced and ewes bearing single fetuses deliver their lambs in 990 + 4-1 h (Lye, Sprague, Mitchell & Challis, 1983) . In the present study we examined the concentrations of different prostaglandins in maternal and fetal plasma and amniotic fluid to establish whether changes occurred before alterations in the pattern of myometrial activity. We sought in-vitro evidence of enhanced PG production, and attempted to identify the major source of PG output after 72 h of intra-fetal ACTH treatment.
Materials and Methods
Animal preparation. The sheep used were of mixed breeds. Gestational ages were calculated from the time of insemination and verified by crown-rump length of the fetuses at the time of delivery.
Surgery was performed between Days 114 and 118 as previously described (ACTH) at the rate of 66-7 ng/min for 15 min every 2 h in 0-5 ml saline (9 g NaCl/1).
Control animals (N = 4) were infused with saline at the same rate of 0-5 ml/15 min. Infusions were made into the fetal jugular vein. After 72 h of ACTH or saline infusion, the animals were killed and tissues collected (Evans et ai, 1981) Characterization of PG radioimmunoassays. Prostaglandins were added to plasma from ovariectomized ewes to determine coefficients of variation and recovery equations as shown in Table 1 . Cross-reactivities of the antisera to PGF-2a, 6-keto PGF-la and PGFM have been described by Evans et al. (1983) , Olson & Hertelendy (1981) and Cornette, Harrison & Kirton (1974) respectively. Additional cross-reactivities for the 6-keto PGF-la antiserum are presented in Table 2 (a). The cross-reactivities of the PGE-2 antiserum, used at a final dilution of 1:4500, are given in Table 2 (b). Cell dispersal and incubation. Dispersed cells were prepared from the amnion, chorioallantois and the fetal and maternal portions of the cotyledons after manual separation, using procedures described elsewhere (Olson et al., 1983) . We recognize that complete separation of maternal and fetal components of the placenta was not achieved using this method. Nevertheless, each portion did contain cells originating from mostly maternal or mostly fetal sources. PG output in the absence of exogenous arachidonic acid was determined for an 8-h incubation period in Eagle's Minimum Essential Medium (Olson et al., 1983) . The incubations were terminated by freezing at -70°C.
After subsequent thawing to 4°C and centrifugation (1500 g, 10 min) PGs were measured directly from the incubation medium as previously described and validated (Olson et ., 1983) . Cell viability ranged from 78 + 5% for amnion to 89 + 2% for maternal cotyledons before incubation. Results are expressed as the net output of PG (pg/105 cells/8 h) into the incubation medium.
Statistical analysis. Measurements for each PG within each fluid during saline or ACTH administration were assessed by regression analyses of variance which fit linear, polynomial and exponential equations to each data set. When the best fit equation generated a significant regression (P < 005), the concentrations of PGs within that fluid were considered to have changed as a function of the time of infusion. In the results section, all ordinate intercepts are given in pg/ml. There were no significant differences (P > 0-05) between the two times for any one of the 3 measures (paired t tests).
Fetal carotid artery. In neither group was there any effect upon PGE-2 or 6-keto PGF-la concentrations in fetal arterial plasma. PGF-2a and PGFM concentrations did not change significantly during saline administration but ACTH infusion stimulated a significant increase in the concentrations of PGF-2a (y = 5-6jc + 202, < 0-05) and PGFM (y = 1824e<00011*>, < 0-05) (Text- fig. 2c ). fig.  2d ). There were no significant changes in PGE-2, PGF-2a or PGFM concentrations in amniotic fluid during saline infusion. However, there was a slight increase in 6-keto PGF-la concentrations (y = 964e(0004;t), < 0-05) during saline administration. The 6-keto PGF-la concentrations in both groups of sheep were analysed using nested analysis of variance, in which variation was divided between hormone treatment, sheep and time of infusion. There was a significant difference (P < 0-01) between ACTH-and saline-treated animals at 72 h of infusion (Duncan's New Multiple Range Test); ACTH treatment significantly increased the mean concentration of 6-keto PGF-la in .S-S The earliest observable increase in the mechanical activity of the ovine uterus occurs within the 24 h before spontaneous delivery (Hindson, Schofield & Turner, 1968; Currie et al., 1973) . However, changes in the electromyographic activity of the myometrium (decreased duration and increased frequency of bursts) preceded by 10 h increases in mechanical activity (Harding et al., 1982) . Assuming that delivery would have occurred at 100 h in our sheep treated with ACTH, it is apparent that increases in PG concentrations in amniotic fluid and maternal vena cavai plasma preceded the earliest likely changes in myometrial electromyographic activity ( + 66 h of infusion). Therefore a causal relationship between PG generation and uterine contractile activity is implied by our data. Furthermore, these increases in PG production occurred earlier than may have been deduced from previous studies. One of the primary differences between the protocol described here and other protocols used for inducing pre-term labour is the induction interval necessary to establish active labour in ewes. Our pulsatile administration of ACTH required 91 h in pregnancies with a single fetus to induce early labour, and another 8 h until active labour was established (Evans et al., 1982b) . Dexamethasone (1 mg/24 h; Liggins & Grieves, 1971) induced labour 46-52 h after infusion. In previous studies, therefore, the sequence of endocrine changes leading to induced parturition may have been compressed into a period of time too short to separate adequately the temporal relation¬ ships between individual events. Furthermore, the responsiveness of the fetal adrenal gland to ACTH in terms of cortisol output increases during the last 2 weeks of gestation and appears to be a function of the mode of ACTH administration (Glickman & Challis, 1980; Manchester, Lye & Challis, 1983) . The temporal effects of ACTH administration upon subsequent PG production are therefore as much a function of adrenal responsiveness as mode of ACTH administration.
The major primary PG present in all plasmas was PGE-2. This confirms earlier reports stating that PGE was present in fetal plasma at levels greater than those of PGF (Challis et ai, 1976) and that PGE-2 is present in maternal arterial plasma in concentrations greater than those of PGF-2a (Mitchell, Brunt, Clover & Walker, 1980 (Challis et al., 1976 (Challis et ai, 1976 (Evans etal., 1981; Evans, Kennedy & Challis, 1982a) . However, fetal urine contains higher levels of PGE than amniotic fluid but lower levels of PGF (Walker & Mitchell, 1978) , indicating that the fetus may be a primary source of amniotic fluid PGE. Due to low PG concentrations in fetal trachéal fluid, it is unlikely that this fluid contributes significantly to amniotic fluid PG concentrations (Mitchell, Robinson & Thorburn, 1977b ; Walker & Mitchell, 1978) . On the other hand, increases in amniotic fluid PG concentrations may reflect decreases or rapid fluctuations in amniotic fluid volume (Lingwood, Hardy, Long, McPhee & Wintour, 1980) rather than increases in PG production only.
The fetus and intrauterine tissues of fetal origin are the probable sources of the high levels of PGE-2 in fetal carotid arterial plasma. The fetal cotyledons and chorioallantois are implicated by the findings presented here and by previous studies (Mitchell & Flint, 1978b; Evans et al., 1981 Evans et al., , 1982a . PGE is also the major product of several non-vascular fetal tissues (Pace-Asciak & Rangaraj, 1978) .
The mean output of PGE-2 by all tissues was greater after ACTH treatment, and exceeded the increment in PGF-2a. This pattern of PG output, which in general is similar to that from human fetal membranes in association with spontaneous labour at full term (Olson et al., 1983) , differs from the pattern of rising PGF-2a as well as PGE-2 in the fetal fluids and plasma of sheep after ACTH for 72 h. This difference may reflect altered availability of co-factors in vitro and in vivo, or 9-keto reductase activity in the uterine tissues, or fetal and maternal blood (Bolla, Carson & Challis, 1977) . Casey & MacDonald (1983) have shown that addition of PGE to human endometrial cells provokes a preferential increase in the output of PGF by the tissue, consistent with 9-keto reductase activity or directed endoperoxide metabolism. In addition, uterine venous plasma PGs reflect a composite of the effluent from different uterine and intrauterine tissues. The chorioallantois, which is a vascular tissue in sheep, and endometrium each produce or contain higher levels of PGF than PGE at term (Evans et al., 1981 (Evans et al., , 1982a ).
In conclusion, we have shown that prostaglandin production by intrauterine tissues increases in response to fetal adrenal activation induced by ACTH administration before the onset of myometrial contractility, implying a causal relationship. While PGE-2 may be the principal circu¬ lating primary PG during late gestation in mother and fetus, the onset of labour is heralded by a selective increase in the plasma and fluid levels of PGF-2a.
